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Interest in ruby-maser devices has prompted many investigations of the A12-2xOr2x03 solid-solution series. Several recent publicationsl-3 suggest that the chromium site in ruby is slightly displaced from the position normally occupied by AI. This paper reports an x-ray determination of the Or coordinate in highly doped ruby. Indirect evidence for the Or shift comes from ENDOR experiments and from optical absorption data. Electron-nuclear double resonance (ENDOR) experiments combine electron spectroscopy with radio-frequency nuclear resonance. In ruby the magnetic dipole and electric quadrupole moments of the Al nuclei interact with the unpaired 1 N. LAURANCE, E. C. McIRVINE The oxygen positions in ruby approximate hexagonal close packing, with trivalent aluminum and chromium occupying two thirds of the octahedral interstices. The space group is R3c with six formula units in the hexagonal unit cell. Lattice parameters for AI1.92Cr.os03' the composition used in this study, are a = 4.7686, c = 13.018 A, about 0.2% larger than those of pure corundum 4 (a = 4.7589, c = 12.991 A).
The oxygen atoms are located in special positions along the two-fold axes at ::1:: (w, 0, 1; 0, w, 1; w, w, 1) and metal ions lie on three-fold axes at ::1:: (0,0, z; 0,0, i + z); zCr and ZAI were determined for 4% ruby using accurate OO.l counter data.
Intensity measurements on large ruby plates in reflection position were made using a motor-driven spectrometer and an open counter slit. Monochromatic MoX IXradiation was obtained with a bent silicon crystal cut parallel to (111), thereby eliminating A/2; A/3 was eliminated by operating the x-ray tube at 31 kV. Periodic monitoring showed that the incident-beam intensity drifted by less than 1 %. Very narrow horizontal and vertical entrance slits confined the x-ray beam to the specimen surface and gave a rocking half width of only six minutes in () for a NaCI 200 reflection.
Polished corundum and ruby plates 1 cm2 in area were mounted on a two-circle goniometer, collinear with the spectrometer axis. The (00'1) plates were cut from single-crystal Verneuil boules grown by Dr. A. LINz, E. F. FARRELL and A. VETROVS, Laboratory for Insulation Research, M.LT. After aligning the crystals so that [00'1] and the diffraction vector were parallel to within five minutes of arc, the OO.l intensities were recorded at maximum sensitivity using a drive speed of }6 00 per minute. The detector was set at the midpoint of each reflection, and the scintillation-counter slit opened to accept a diffracted beam over 1.75°(), about 0.50 larger than the broadest ruby reflection. Small absorption errors arising from surface misorien- was given to the small differences in absorption coefficient and angular factors in placing the Al20a and ruby intensities on an identical scale. As with most crystals grown by flame fusion, the specimens were highly strained, minimizing primary extinction. Secondary extinction proved negligible because the observed intensity for 00.6, the reflection most likely to be diminished, is larger than the calculated value (Table 2) . Table 2 Oomparison of observedand calculated structure facto'rs for corundum and ruby
The structure factor for the 00.1 reflections with 1 = 6n is given by Fc = 2xtCr e-Mer cos2n1zcr + 2(1-x)tAI e-MA1 cos2n1zAI + 3 cos(n1/2) to e-Mo, where the atomic fraction x = 0 for corundum, and 0.04 for the ruby specimens. Scattering factors, corrected for dispersion and ionization, were taken from VoL III of the International tables for x-ray crystallography. The Al20a intensity data were used in determining the scale factor, temperature factors, and aluminum coordinate. Excellent agreement (Table 2) was obtained with the following values:
ZAI= 0.3523, BA1 = 0.14, andBo = 0.22. A previous refinement based on photographic intensities gave zAI= .3520 ::!::.00035. The ruby structure factors (Table 2) were calculated with the B values, ZAl, and scale factor derived from the corundum intensity data. When compared with experiment, calculations for various chromium coordinates gave the R-factor graph in Fig. 1 parameter is 0.306 ::!:: 0.004 in both end members of the ruby solidsolution series. For ZCr= 0.348, the distance q to the three oxygens shared with the closest Al neighbor is 1.938 A, and the other three bond lengths pare 1.884 A. The chromium-oxygen distances in Cr203 (q = 2.02, P = 1.97) are about 4% larger and show the same asymmetry, q-p = .05 A. Crystal-field calculations by ORGEL6 show that a 4% compression of the normal Cr06 octahedron shifts the optical absorption bands by an amount sufficient to explain the color of ruby. Most chromium compounds are green, not red. The AI-O distances in corundum and in ruby are q = 1.97, P = 1.86. In substituting for AI, the larger Cr3+ ion chooses a site which will increase the shorter distance, p. 
